Objectives: Developed countries are becoming more multi-ethnic, with consequent problems of maintaining invariance of health questionnaires. We aimed to explore commonalities in the structure of the Strengths and Difficulties Questionnaire (SDQ) completed for young children in a multi-ethnic English cohort while examining potential method effects and misfitting items. The secondary aim was to demonstrate the usefulness of bifactor modelling and exploratory structural equation modelling (ESEM) for kinanthropological research.
INTRODUCTION
The Strengths and Difficulties Questionnaire (SDQ) is a 25-item instrument used to screen for behavioural problems and is widely used as an indicator of psychopathological risk in general population surveys of children (Goodman, 1997) . Its focus makes it attractive also for kinanthropological research, especially to explore associations between psychopathology signs in childhood and levels of physical activity either at young age (Hamer et al., 2009) or adolescence (Sagatun et al., 2007; Ussher et al., 2007) . The SDQ has also been successfully used in a more specific kinanthropological context, for example, to measure associations between emotional problems and physical activity (Wiles et al., 2008) or to explore effects of television viewing on psychological health with physical activity as a covariate (Page et al., 2010) . Finally, the SDQ was recently applied in the context of physiopathology such as low back pain (Watson et al., 2003) , asthma (Glazebrook et al., 2006) , cerebral palsy (Majnemer et al., 2008) , sleep problems (Nixon et al., 2008) , and other physical or neurological disabilities (Law et al., 2007) .
There are several versions of the SDQ intended to be used to assess children age 4-17 which are formatted and worded to be completed by parents and by teachers (termed the SDQ 4-17 ), and a self-rated version for children age 11-17. More recently, the SDQ has been applied in samples of younger children. Early-years (child age 2-4) versions have been developed for teachers and parents (the SDQ 2-4 ). In these versions the developers have altered the wording of three questions.
For all SDQ versions, each item requires a response on scales that display three response options (that the described behaviour is Not True, Somewhat True or Certainly True), so that ratings can characterise three levels of strengths or difficulties. Twenty of the 25 questions describe aspects of problem behaviour. These problem behaviour items can be grouped into four (5-item) subscales representing 1) emotional, 2) peer, 3) behavioural and 4) conduct domains. Morbidity (problems) are indicated by higher scores. The four subscales can also be clustered into two 10-item broader scales with the emotional and peer subscales indicating internalising problems, and the hyperactivity and conduct subscale indicating externalising problems (Figure 1 ). The broader subscales have been suggested for use in community, rather than clinical, samples (Goodman et al., 2010a) . Together, all 20 are used to provide a summary score for 'total difficulties' (Figure 1 ). Five of these 20 questions are positively worded, but with scoring reversed to reflect difficulties. These are shaded in Figure 1 and labelled 'methods'. The five remaining questions make up the prosocial subscale. Prosocial items are positively worded questions designed to indicate strengths rather than difficulties. This subscale is not usually included when assessing difficulties.
The risk of psychopathology can be estimated in a variety of ways using thresholds based on the summary score of total difficulties (20 questions), the two broader scales (2 × 10 questions), or the four subscales (4 × 5 questions). Mean score differences between groups for the broader scales or total difficulties score can also be estimated. Internal consistency for the subscales is satisfactory and higher for teacher rated scoring (weighted mean subscale score range 0.63 to 0.83 for N = 26 studies) than parent rated (range 0.53 to 0.76) with higher internal consistency for the total difficulties score (teacher rated 0.82, parent rated 0.80) (Stone et al., 2010) . Consistently, and regardless of rater, the peer subscale appears to be the least reliable. Test-retest reliability is also stronger for teacher rated scores (weighted mean correlation subscale score range 0.72 to 0.85 for N = 6 studies, total difficulties 0.84) than parent rated (subscale range 0.65 to 0.71, total difficulties 0.76) (Stone et al., 2010) .
The SDQ can also be used to predict disorder (unlikely, possible, probable) from studies that have ratings from at least two different informants, for example from parents and teachers (Goodman et al., 2000b) . The predictive algorithm utilises information from the multiple ratings on the subscales that indicate hyperactivity problems, conduct problems and emotional behaviour and the questions at the end of the SDQ that form an impact statement about the effect of the child's difficulties (Goodman et al., 2000b) . The sensitivity of the algorithm to detect any psychiatric disorder via multi-informants in an English speaking sample of 5-15 year olds was 63.3%, with specific disorder sensitivity ranging from 50.1% (any anxiety disorder) to 86.1% (any hypokinetic disorder) (Goodman et al., 2000a) . There was a high number of false positives in this community sample; 47.3% of children with a 'disorder probable' SDQ prediction did not have a psychiatric disorder, and misclassification errors are twice as likely using data from just one informant. The SDQ 4-17 is the original scale and numerous studies have aimed to explore or confirm its hypothesised structure. A 2010 review found eight studies reporting confirmatory factor analyses (CFA), with some, but not universal, support found for structures represented by all five subscales, and the two broader scales plus the prosocial subscale (Stone et al., 2010) . Some studies have reported an effect of the five positively worded difficulties questions (methods items) on the structure (McCrory & Layte, 2012; van de Looij-Jansen et al., 2011) .
The SDQ 2-4 has only more recently been suggested as a behavioural questionnaire for initial risk assessment i.e. a screening instrument, and fewer modelling studies have been conducted in samples within this younger age range. A recently reported CFA of the parent administered SDQ at age 3 in a UK-representative sample found more support for a five than a three or one subscale structure (Croft et al., 2015) . In contrast, CFA studies in Spanish and Dutch samples reported less than satisfactory baseline fit for the five subscales, a unidimensional structure of all 25-items, and a second order structure of the five subscales within the two broad subscales (Ezpeleta et al., 2013; Theunissen et al., 2013) . As with analyses of the SDQ 4-17 , the tested structures included items from the prosocial subscale even though this subscale is not typically included when scoring the instrument. Croft et al. (2015) studied invariance over time (age 3, 5 and 7), finding support for strong invariance for the conduct and hyperactivity subscales and metric invariance for the peer and emotional subscales. Presently -in this age range -there are few other correlation and descriptive studies, (e.g. Fuchs et al., 2013; Petermann et al., 2010) .
The SDQ has, at the time of writing, been translated into 79 languages, and there are many studies reporting validity of translated versions. A potential problem of validity arises when several sub-populations, such as those indicated by different language, or ethnic group, are present in a sample, or when several samples with some language or cultural variation need to be compared. Robustness of inferences in populations with such sub-population variation are typically empirically investigated using differential item functioning (DIF) methodology (Gregorich, 2006) . Findings from two cross national studies including children from a range of ages suggest that the SDQ cannot be assumed to have the same factorial structure or relationship with diagnoses of disorder across countries (Goodman et al., 2012; Stevanovic et al., 2014) . Some studies have assessed potential measurement differences arising from cultural and language variation within countries in younger age samples. Two CFA studies in samples that included children age 4 or 5 have examined DIF by ethnicity using both teacher and parent rated SDQ 4-17 . A UK study with only English versions of the SDQ found invariance between White and Indian sub-samples (Goodman et al., 2010b) . A North American study also reported invariance between American English and Spanish language samples, however the baseline fit for each group, required to test invariance, were only marginally adequate (Hill & Hughes, 2007) . A third study employing principal components analysis using data from younger children (mean age 5.3) across five ethnic groups in the Netherlands found evidence of DIF (Mieloo et al., 2014) .
The implications for lack of invariance are clear; groups within samples cannot be compared with any accuracy and attempts to do so could lead to spurious conclusions regarding the difficulties of a particular ethnic group. Taking a forward view, as developed countries become more multi-ethnic there will be a growing need to validate instruments across increasingly diverse samples. Studies will include many ethnic groups, with different sample sizes. This presents some difficulties. Foremost, any classification of a person into an 'ethnic group', is an artificially constructed analytical grouping of convenience that can mask important social and experienced variation (Nazroo, 1998) . Factors such as cultural, racial and ethnic identity might vary in their interaction during the multidimensional process of acculturation, meaning that within-group variation could be greater than differences between-group, and these can change over time (Bhugra, 2005) . Populations are dynamic and it may not be reasonable to assume homogeneity in the lived experience of persons of mixed and multi-ethnic heritage in particular; the fastest growing UK minority groups. Together with the technical difficulties that arise when assessing DIF in small sample sizes fragmented by attempts to classify 'homogeneous' groups, it is possible that a fresh approach towards multi-ethnicity in epidemiological studies is needed. If the relevant validity question were to be rephrased what is common across a diverse sample, or between diverse samples? Then it may be possible to find a valid structure that measures important dimensions of children's behaviour whilst also minimising measurement error and retaining already established validity claims.
In summary, despite the popularity of the SDQ, there is little work as yet describing the psychometric structure of the SDQ by the age of the child, and less research overall in multi-ethnic, younger age samples. The Born in Bradford (BiB) study administered the SDQ in three separate sub-studies at child age 3, 4, and 5, thus providing an ideal environment in which to examine commonalities in structure across variation in informants and age. We aimed to revisit the construct validity of the SDQ in light of recent research interest in examining risk of psychopathology and its association to physical activity in young children. Our secondary aim, though implicit, was to introduce bifactor modelling and exploratory structural equation modelling as well as demonstrate its usefulness for assessment of structural hypotheses and model misfit to wider kinanthropological community.
METHODS

Sample
In this analysis we used data collected in several Born in Bradford (BiB) sub-studies. Bradford is a city of around 500,000 inhabitants in the North of England with high levels of socio-economic deprivation and ethnic diversity, and BiB was set up to examine the impact of environmental, psychological and genetic factors on maternal and child health (Raynor and Born in Bradford Collaborative Group, 2008; Wright et al., 2013) . Between 2007-2010 more than 12,000 women were recruited during pregnancy, of which 45% identified themselves as being of Pakistani origin, 39% White British and the remaining 6% of different and varying ethnicity. Three sub-studies have collected early SDQ data on BiB children: 1. At age 3, the Parent SDQ 2-4 was completed by the parent using computer-assisted personal interviewing (CAPI) for a study on childhood obesity (N = 1,217) 2. At age 4, parents filled in the Parent SDQ 4-17 via CAPI for a study on asthma (N = 1,711) 3. At age 5 the child's teacher filled in the Teacher SDQ 4-17 between March to July in 2013 and 2014 using a paper version of the SDQ (N = 2,365)
In all, there was at least one SDQ rating 3,920 children. Nominally, all three samples were broadly representative of children in the BiB study.
Scoring
Negatively worded difficulties items and the items in the prosocial scale were scored in each response category of Not True = 0, Sometimes True = 1 or Certainly True = 2. Scoring was reflected for responses to the five positively worded difficulties items.
Psychometric analysis a) Confirmatory factor analysis
For each sample we tested 11 plausible structures that are typically examined (see Figure 2 ) in the SDQ using CFA under Full Information Maximum Likelihood (FIML; Enders and Bandalos, 2001) estimation 1 . In all three samples we noted fit indices of each configuration (Akaike Information Criterion (AIC; Akaike, 1973) , Bayesian Information Criterion (BIC; Schwarz, 1978) ). These relative fit indices allow for comparison of competing models (based on the same data but with varying numbers of parameters) since they penalize more complex models. The model with the lowest AIC and BIC is preferred.
Absolute model fit was assessed by means of Comparative Fit Index (CFI; Bentler, 1990) , Root Mean Square Error of Approximation (RMSEA; Steiger and Lind, 1980) and Weighted Root Mean Square Residual (WRMR; Muthén and Muthén, 1998-2016a; Yu, 2002) . CFI values larger than 0.95, RMSEA values lower than 0.06 and WRMR values around 1 are considered indicate model fit to data. More detailed recommendations on cut-off values for these fit indices can be found in Hu and Bentler (1999) . To obtain this latter set of indices for assessment of absolute model fit, we re-estimated all models using mean and variance adjusted Weighted Least Squares (WLSMV; Muthén, 1993) as they are not provided when FIML is used.
For further assessment of model misfit, we used an Exploratory Structural Equation Modeling (ESEM) approach on the best-fitting configuration. Mplus version 7.3 (Muthén and Muthén, 1998-2016b) was used for all analyses. 2 . Hypothesised SDQ structures. Illustrations are simplified path diagrams, where rectangles represent SDQ items, ovals represent latent variables/factors, arrows from ovals to rectangles represent estimated factor loadings (i.e. those not fixed to zero) and curves between ovals represent estimated factor correlations (i.e. those not fixed to zero). Error variances of items are not shown, but they were estimated in all models. Covariances between errors were fixed to zero in all models.
b) Exploratory Structural Equation Modelling (ESEM)
Traditional CFA allows items to load only on specified (target) factors. These factor loadings are then estimated where the remaining non-target loadings are set to be precisely zero. This might be relatively restricting as low (but non-zero) item loadings might be present in the model. If they are, but forced to be zero, the issue translates into poor model fit. To address this, ESEM methodology has been developed.
Algorithms implemented in ESEM perform target rotation (Browne, 2001 ) on the prespecified structure (in our case structure (1) depicted in Figure 2 ) but allow items to also load on other factors. This approach helps to investigate non-negligible loadings of items on other than target factors and thus the source of model misfit. 
RESULTS
Sample
Descriptives for each sample are presented in Table 1 . Around half of the children were of Pakistani origin, which reflects the birth profile of the city of Bradford, and half were female. A similar ethnic profile was seen across all three samples. There was a high rate of SDQ completion, and 70-80% of the parent completed versions were in English. 
Confirmatory factor analysis (CFA)
The configuration with the most support for good fit was structure (1) in Figure 2 comprising a bifactor model of the 2 broader scales and a methods factor, using 20 items. The bifactor model accounts for common variance in all items and three specific factors. Two specific factors account for specific common variance within internalising and externalising items respectively. The third specific factor (methods factor) accounts for the five positively worded items. Importantly, our results suggest this model remains the most promising one across our three samples (Table 2) . Factor loadings in Table 3 show how closely items are related to hypothesised factors in our best fitting model across all three samples. The loadings on factors tend to increase over time (age 3 to age 5) suggesting the SDQ becomes more structurally clear and thus more valid for older children. In addition, with the exception of the age 5 sample, items with different wording (methods items) show very low factor loadings on the general factor which can be interpreted as their differential wording substantially affecting their validity. Further, relatively low factor loadings on methods factors for the age 3 and age 4 samples show that most of the item variance is explained by the general factor. Finally, the age 5 sample shows high factor loadings on the externalising factor and low loadings on the internalising factor which suggest that the general factor interprets internalising problems. 
Exploratory Structural Equation Modelling (ESEM)
Further investigation of the model and its misfit was done via ESEM. As current development of ESEM methodology does not allow for cross-loadings on specific factors, the method factors were removed. Results are presented in Table 4 . Table 4 suggest that positively-worded items load on non-target factors but this might be the consequence of the fact that the method factor has been removed from this analysis. Apart from that, Q22 (steals) and Q02 (restless) load positively and negatively respectively onto the internalising factor for the age 3 and age 4 samples and item Q05 (temper) loads onto the internalising factor for age 5, suggesting a fairly substantial internalising component of those items. Similarly, item Q13 (unhappy) has a fairly large positive loading on the externalising factor at age 5 whereas item Q23 (adults) and Q06 (solitary) load negatively on the externalising factor.
DISCUSSION
In this analysis, we aimed to assess construct validity and factorial structure of the SDQ across three parent or teacher rated samples of multi-ethnic children aged 3, 4 and 5. Of the 11 configurations tested, we found that a bifactor model comprising the 2 broader scales plus the methods factor showed the best fit across all three samples. Further investigation of this configuration under ESEM methodology indicated several items that continued to contribute to model misfit.
Most CFA analyses have been conducted in older age samples and, in contrast to our study, have reported good fit when including the prosocial scale (Stone et al., 2010) . We tested five configurations that included the prosocial scale but found acceptable fit only in the two age 5 samples that converged on a solution, and poor fit across the age 3 and 4 samples. This could be due to differences in the structure by informant, because the age 5 sample were teacher rated (which tends to have higher reliability (Stone et al., 2010) , and differences in item-level response by informant have been reported (Goodman, 2001; Mellor & Stokes, 2007) . Or, there could be less relevance of this dimension to younger age children, or other sample-specific differences. In studies that have assessed both teacher and parent questionnaires, an Australian analysis of 914 children aged 7-17 years failed to find adequate fit for any configuration (Mellor & Stokes, 2007) , and Hill and Hughes (2007) found only marginal baseline fit for a five-factor structure for either informant in their sample of US children (mean age six). Similarly, CFAs conducted using data from three-year old Spanish children found only marginal baseline fit for either the teacher or parent rated version in five-factor first order and second order configurations (Ezpeleta et al., 2013) . Croft et al. (2015) found a less than adequate fit (CFI = 0.905) for a five-subscale structure but did not test solutions not involving the prosocial scale. It is difficult to unpick the reasons for the variation in fit between samples for solutions involving the prosocial scale as our study is unusual in that we tested different configurations with it included and excluded. We did this for pragmatic reasons, however, as the prosocial scale is not generally used when computing scores to assess the risk of any relevant psychopathology, we suggest this approach is repeated in other samples to confirm our findings.
We noted generally improved fit across all configurations and increased loadings on factors for older children, which may indicate that the structure of the SDQ becomes clearer as children mature and disordered behaviour becomes distinguishable from extreme but 'normal' behaviour. The children in BiB, however, are still relatively young, and the lack of acceptable fit for several hypothesised structures even at age 5 could be related to cultural variation in implicit item meanings and standards for behaviour in a multi-ethnic community. Due to small sample size we did not examine invariance by ethnicity, focussing instead on investigating features of the SDQ common across samples rather than trying to distinguish differences between them. The presence of cross-loading and low-loading items also precluded an examination of DIF. We employed a novel ESEM analysis that allowed us to explore items that contributed to misfit in the seemingly well-fitting model and found that in the 3 and 4 age samples, two externalising questions (Q02 (restless) and Q22 (steals/spiteful)) loaded onto the internalising factor, as did question Q05 (temper) in the age 5 sample. Three internalising items in the age 5 sample loaded onto the externalising factor (Q06 (solitary), Q13 (unhappy) and Q23 (adults)). Differences in analytic methods make comparison of misfitting items challenging between studies. At least superficially, some broad comparisons can be drawn, but these are tentative and sample sizes, population heterogeneity, and methods may have altered size and pattern of any or all loadings. Theunissen et al. (2013) using CFA in a parent-rated Dutch sample of 3-4 year olds found that Q03 (complains) and Q19 (bullied) low-loaded (<0.3) in a five-subscale configuration, while Croft, et al. (2015) reported a loading of 0.39 for Q21 (thinks) in their 3 year old sample. In their CFA study of Spanish 3 year olds Ezpeleta, et al. (2013) found that Q22 (steals/spiteful) low-loaded (<0.4) on the parent-rated version in both five-subscale and second-order models whereas Q19 (bullied) low-loaded (<0.4) on the teacher-rated version in both models. This may indicate some problems with items 22 (steals/spiteful, conduct subscale) and 19 (bullied, peer subscale), and potentially others, that need further investigation.
Other studies have also reported marginal improvements in fit by adding a methods factor to account for the effects of both positive wording of problem items and prosocial items (McCrory & Layte, 2012; van de Looij-Jansen et al., 2011) . McCrory and Layte (2012) also examined, as we did, the effect of a five-item methods factor within the 20 difficulty items in parent-reported SDQs for nine year old Irish children, finding that the methods factor accounted for only 4% of the common variance. We noted that methods factor items tended to have lower loadings on the general factor for the age 3 and 4 samples than age 5, indicating a potentially stronger effect of item wording on the structure in samples of younger children. This needs to be confirmed in other studies. We found that, similar to others, specification of bifactor models resulted in improved fit (Caci et al., 2015; Stevanovic et al., 2014) . This is to be expected because the SDQ was constructed as multi-subscale unidimensional measure which is reflected by the suggested methods of scoring (Goodman, 1997) .
Our results have clear practical implications. First, they suggest that the validity of SDQ at a younger age (especially at age 3) is questionable and we would advise caution before using it to estimate psychopathological risk in children younger than 5 years of age. Further validation of the reliability and predictive validity in different samples and using multiple raters will improve our understanding of the performance of the SDQ in children less than 5 years old. The construct validity seems to improve with increasing age of the sample, although this aspect needs further exploration and cross validation. Second, the bifactor structure, found to be the best fitting in our sample, is suggestive of improvements in the way the SDQ is scored. Currently, each of the five subscales are scored by summing responses about five discrete behaviours, but our results generally do not support giving separate scores on each subscale. The bifactor model shows that both total scores and scores on internalising and externalising items make conceptual sense but may not be optimal as either does not take aspect of the other (i.e. the total score does not take into account the internalising and externalising factors, and part of the variance of internalising and externalising scores are due to the common (general) factor underlying them). In addition, neither scoring system does not take into account measurement error which is expressed (beside item error variance) as the method factor in our bifactor model. To fully acknowledge the underlying structure of SDQ we therefore suggest using factor scores of the proposed bifactor model instead of traditional SDQ scores.
One obvious caveat of this approach is that obtaining factor scores is not feasible for clinicians. For everyday practice, sum scores or mean scores are much more practical and provide instant information on level of risk of psychopathology. For everyday clinical use or for screening purposes where accuracy of scores is of less concern, we recommend using the total score and/or sum scores of the broader internalising and externalising scales. When larger samples or cohort data are available, we recommend re-estimation of our proposed bifactor model (or an alternative model if our results are not cross validated) and using factor scores in analysis. Specifying a bifactor model has additional pragmatic advantages when applied to heterogeneous samples such as BiB where there is less support for the hypothesised structure. An individual score for the general factor can be generated which is controlled for the 'measurement error' resulting from low-loading and cross-loading items on the broader scales, and from positively worded items. These scores can then be used in comparative analyses, broadly interpreted as a total difficulties score e.g. (Prady et al., 2015) . Alternatively, the internalising and externalising scores can be generated and interpreted as scores after the common variance to all items (externalising and internalising) has been accounted for by the general factor, and controlled for variation from the methods factor. Obviously, which scores are used (total, or broader scales) depends on the viewpoint of which components contain the 'nuisance' variation, and, for this reason, factor scores should be interpreted with caution. We suggest, however, that where data do not demonstrate the expected structure, whether due to multi-ethnicity or young age, and smaller sample sizes do not permit the exploration of the influence of these factors on the structure, that the extraction and use of factor scores represents a pragmatic solution that seeks to minimise measurement error. This is particularly pertinent as populations become increasingly heterogeneous, along with our desire to ever-more accurately assess behavioural problems in ever-younger children.
Limitations of our findings come mainly from the multi-ethnic nature of our sample. Clearly, validity of the SDQ may be different across ethnicities and therefore the scale might be prone to differential item functioning (DIF). We tried to investigate DIF in this sample but experienced notorious non-convergence of DIF models. This might be for two reasons: 1) relatively small sample sizes within each ethnicity compared to the complexity of the estimated model; and 2) structural ambiguity of the SDQ, especially in samples of younger children. In the future, larger studies should explore DIF properties of the SDQ in detail. We considered that DIF by ethnic group would be the largest source of variation, and so did not explore other potential sources such as informant sex, but the influence of such factors could also be usefully examined in larger samples. In the future, further development work in longitudinal samples containing independent diagnostic information could explore the utility of age-weighting SDQ data from younger children.
In conclusion, we found less support for the hypothesised structure and robustness of the SDQ in a multi-ethnic sample of 3, 4 and 5 year old children, but some evidence that the structure becomes more clear as children age from 3 to 5 years. We suggest that factor scores extracted from a bifactor model that account for measurement error could be useful if carefully applied in epidemiological and kinanthropological studies reporting risk of psychopathology in heterogeneous or younger age samples. We recommend that further work explore commonalities in measurement of child behaviour problems in multi-ethnic samples.
